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(54) CONDUCTIVE PASTE 
(57)Abstract: 

PURPOSE: To obtain a conductive paste which has a large resistance to a plating solution, and can from an outer 
electrode with a high reliability, by mixing a conductive powder, a specific composition of boron-silicate zinc glass 
frit, and an organic vehicle, to the conductive paste. 

CONSTITUTION: This conductive paste includes a conductive powder, a glass frit, and an organic vehicle. That is, 
in this conductive paste, a boro-silicate zinc glass frit including ZnO: 3 to 1 3wt.%, Si02: 35 to 55wt.%, B203: 1 5 to 
30wt.%, an oxide of an alkaline earth metal: 5 to 15wt.%, and an oxide of an alkaline metal: 5 to 10wt.%, is used as a 
glass frit. Since such a glass frit is used, this conductive paste can prevent the deterioration of performance of 
the outer electrode and the ceramic electron parts to form the outer electrode, by preventing the dissolution of 
the outer electrode to the plating solution in a plating process. 
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* NOTICES * 

Japan Patent 0££ice is not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So tiie translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claun 1] It is a conductive paste for external electrode formation of the ceramic electronic parts which come to contain 
electric conduction powder, a glass frit, and an organic vehicle. As a glass frit ZnO : Three to 13% of the weight Si02 : 
35 - 55-% of the weight B-2 03 : Oxide of 15 - 30-% of the weight alkaline earth metal : Oxide of 5 - 15-% of the 
weight alkali metal : Conductive paste characterized by using the HOUKEI acid zinc system glass frit containing 5-10 
% of the weight. 

[Claim 2] The conductive paste characterized by using 20 - 80 % of the weight of HOUKEI acid zinc system glass frits 
which are a conductive paste for extemal electrode formation of the ceramic electronic parts which come to contain 
electric conduction powder, a glass frit, and an organic vehicle, and were used in the conductive paste according to 
claim 1 as a glass frit, and die mixed glass frit which comes to blend a lead borosilicate glass frit 20 - 80 % of the 
weight. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The invention in this application relates to the conductive paste used in order to form the 
external electrode of ceramic electronic parts, such as a stacked type ceramic condenser, in detail about a conductive 
paste. 
[0002] 

[Description of the Prior Art] In order to form an external electrode (terminal electrode) and to raise properties, such as 
solder wettability, on it by carrying out spreading printing of the conductive paste, there are some (plating article) which 
were made to perform various plating processings of nickel plating, Sn plating or nickel plating, solder plating, etc. in 
ceramic electronic parts, such as a stacked type ceramic condenser. 

[0003] As a conductive paste used in order to form the external electrode of such ceramic electronic parts (plating 
article), the conductive paste which comes to blend a glass frit, an organic vehicle, etc. with electric conduction powder 
(metal component) is usually xised. 

[0004] And in such a conductive paste, a glass frit is used for junction to an extemal electrode and a ceramic electronic- 
parts element assembly (for example, ceramic element assemblies, such as a stacked type ceramic condenser 
component). 

[0005] However, when performing electrolytic plating to an extemal electrode in order to raise properties, such as solder 
wettability, after forming an extemal electrode, in the extemal electrode formed using the conventional glass frit, the 
glass frit which is a part of constituent dissolves in plating liquid, and there is a trouble that the jimction force between 
an extemal electrode and a ceramic electronic-parts element assembly declines. 

[0006] And in being extreme, plating liquid trespasses upon the interior of a ceramic from the part into which the glass 

frit was eluted, and there is a trouble of generating degradation of the Q factor of ceramic electronic parts (for example, 

stacked type ceramic condenser) and the fall of the electrostatic capacity after a spalling test. 

[0007] liie invention in this application solves the above-mentioned trouble, and relates to the conductive paste [ the 

resistance over plating liquid is large and it is possible to prevent degradation of a property, and ] which can form a 

reliable extemal electrode. 

[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the conductive paste of invention of 
this application 1st is a conductive paste for extemal electrode formation of the ceramic electronic parts which come to 
contain electric conduction powder, a glass frit, and an organic vehicle. As a glass frit ZnO : Three to 13% of the weight 
Si02 : 35 - 55-% of the weight B-2 03 : Oxide of 15 - 30-% of the weight alkaline earth metal : Oxide of 5 - 15-% of 
the weight alkali metal : It is characterized by using the HOUKEI acid zinc system glass frit containing 5 - 10 % of the 
weight. 

[0009] Moreover, the conductive paste of invention of this application 2nd is a conductive paste for extemal electrode 
formation of the ceramic electronic parts which come to contain electric conduction powder, a glass frit, and an organic 
vehicle, and is characterized by using 20 - 80 % of the weight of HOUKEI acid zinc system glass frits used in the 
conductive paste according to claim 1 as a glass frit, and the mixed glass frit which comes to blend a lead borosilicate 
glass frit 20 - 80 % of the weight. 

[0010] In addition, in the conductive paste of invention of this application 1st, having limited the rate of the constituent 
(ZnO, Si02, B-2 03, the oxide of alkaline earth metal, oxide of alkali metal) of a HOUKEI acid zinc system glass frit is 
based on the following reasons. 

[001 1] [ZnO] It will be because the reactivity of a ceramic electronic-parts element assembly and a glass frit becomes 
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large, the resultant dissolves in plating liquid and plating degradation is caused to have limited the content of ZnO to 3 - 
13% of the weight, if affinity with a ceramic electronic-parts element assembly (ceramic element assembly) worsens 
and 13 % of the weight is exceeded, while the softening temperature of a glass frit will become high, if the content of 
ZnO becomes less than 3% of the weight. 

[0012] [Si02] The softening temperature of a glass frit will become high too much, and it will be because it is not 
desirable to have limited the content of Si02 to 35 - 55% of the weight, if the stability over the plating liquid of a glass 
frit will fall, plating degradation will be caused, if the content of Si02 becomes less than 35% of the weight, and 55 % 
of the weight is exceeded. 

[0013] If it becomes difficult to lower softening temperature and 30 % of the weight is exceeded, it will be because the 
stabihty over the plating liquid of a glass frit falls to have limited the content of [B-203] B-2 03 to 15 - 30% of the 
weight, while being hard coming to vitrify a glass frit, if the content of B-2 03 becomes less than 15% of the weight. 
[0014] If the content of the oxide of alkaline earth metal becomes less than 5% of the weight, the stability of a glass frit 
will fall, and the softening temperature of a glass frit will become high too much, and it will be because it is not 
desirable to have limited the content of the oxide of [oxide of alkaline earth metal] alkaline earth metal to 5 - 15% of the 
weight, if 1 5 % of the weight is exceeded. 

[0015] It is because having limited the content of the oxide of [oxide of alkali metal] alkali metal to 5 - 10% of the 
weight does not become high and have the desirable working temperature of a glass frit if the content of the oxide of 
alkali metal becomes less than 5% of the weight, and is because the water resisting property of a glass fiit falls and is 
not desirable if 10 % of the weight is exceeded. 

[0016] In addition, as for a glass frit, in the conductive paste of the invention in this application, it is desirable to add in 
3 - 10% of the weight of the range to the total quantity (solid content) of electric conduction powder and a glass fiit. 
This is for the bond strength of an electrode and a ceramic to fall, if the addition of a glass fiit turns into less than 3% of 
the weight of the total quantity of Ag powder and a glass fiit, and for plating adhesion to fall, if amount [ of ten ] % is 
exceeded. 

[0017] Moreover, in the conductive paste of the invention in this application, in order to adjust a coefficient of thermal 
expansion with a ceramic electronic-parts element assembly, aluminimi 203 may be added to a glass frit at a rate to 
about 5 % of the weight. 
[0018] 

[Example] Hereafter, the example of the invention in this application is shown with the example of a comparison, and 
the place by which it is characterized [ the ] is explained in more detail. 

[0019] [Example 1] In this example, the conductive paste (conductive paste concerning this application the 1st 
invention) was prepared by blending with this the glass fiit of the HOUKEI acid zinc system of a presentation as shown 
in an organic vehicle (what dissolved cellulose system resin in butyl carbitol in this example), and Table 1, using Ag 
powder as electric conduction powder. 

[0020] In addition, in this example, Ag powder under conductive paste and the total quantity (solid content) of a glass 
fiit were made into 76 % of the weight, and the rate of a glass fiit to the total qxiantity of Ag powder and a glass fiit was 
made into 6 % of the weight. 

[0021] After forming the external electrode (terminal electrode) of a stacked type ceramic condenser using the above- 
mentioned conductive paste, it calcinated for 10 minutes at 770 degrees C (peak). And electrolytic plating of nickel and 
electrolytic plating of Sn were performed in piles on the external electrode. 

[0022] And about the obtained stacked type ceramic condenser, while measuring the tensile strength of a Q factor and 
an extemal electrode, the thermal shock (theraio cycle) trial was performed and the property was evaluated. The result is 
shown in Table 1. 
[0023] 
[Table 1] 
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[0024] In addition, in Table 1, it is the sample (example of a comparison) of invention of this application 1st out of 
range which gave * mark to the sample number (sample number 5), and others are the samples (example) of invention 
of this application 1st within the limits. 

[0025] A spalling test shows the ratio (the number of defectives / the number of excellent articles) of the number of 
defectives after carrying out the 200 cycle loop of the -55-125-degree C cycle, and the number of excellent articles. In 
addition, the defective and the excellent article were judged from the magnitude of electrostatic capacity. 
[0026] Moreover, it is shown that the loss of Q is so small that the value is large, and a property is good. 
[0027] It turns out that the external electrode formed using the conductive paste concerning the example of invention of 
this application 1st has large tensile strength as compared with the external electrode formed using the conductive paste 
of the example of a comparison (sample number 5), and the Q value of a stacked type ceramic condenser is also larger 
than Table 1. 

[0028] Furthermore, also in the spalling test, it was checked that the stacked type ceramic condenser which formed the 
external electrode using the conductive paste concerning the example of invention of this application 1st has a rate of a 
defective lower than the stacked type ceramic condenser of the example of a comparison. 

[0029] In addition, although the above-mentioned example explained the case where Li20 was used as an oxide of 
alkali metal, using CaO as an oxide of alkaline earth metal, in the conductive paste of invention of this application 1st, it 
is possible to use the oxide of not only these but other alkaline earth metal and the oxide of alkali metal. 
[0030] [Example 2] In this example, Ag powder is used as electric conduction powder, It blended with this at a rate as 
shows Ihe lead borosilicate glass frit of a presentation as shown in an organic vehicle (what dissolved cellulose system 
resin in butyl carbitol in this example), and the HOUKEI acid zinc system glass frit and Table 3 of a presentation as 
shown in Table 2 in Table 4, and the conductive paste (conductive paste concerning this application tiie 2nd invention) 
was prepared. 
[0031] 
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[0032] 
[Tables] 
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[0033] In addition, in Table 2, the HOUKEI acid zinc system glass frit which gave * mark to the frit number is a 
HOUKEI acid zinc system glass frit for a comparison which separated from the presentation range of the HOUKEI acid 
zinc system glass frit which constitutes the conductive paste of invention of this application 1st. 
[0034] In addition, in this example, Ag powder under conductive paste and the total quantity (sohd content) of a mixed 
glass frit were made into 76 % of the weight, and the rate of a mixed glass frit to the total quantity of Ag powder and a 
mixed glass frit was made into 4 % of the weight. 

[0035] After forming the extemal electrode (terminal electrode) of a stacked type ceramic condenser using the above- 
mentioned conductive paste, it calcinated for 10 minutes at 770 degrees C (peak). And electrolytic plating of nickel and 
electrolytic plating of Sn were performed in piles on the extemal electrode. 

[0036] And about the obtained stacked type ceramic condenser, while measuring the tensile strength and deflection 
reinforcement of an extemal electrode, the thermal shock (thermo cycle) trial was performed and the property was 
evaluated. The result is shown in Table 4. 
[0037] 
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[0038] In addition, in Table 4, it is the sample (example of a comparison) of invention of this application 2nd out of 
range which gave * mark to the sample number (sample nxunbers 6, 7, and 8), and others are the samples (example) of 
invention of this application 2nd within the limits. 

[0039] In addition, in the example of a comparison of sample numbers 6 and 7, it has separated from the presentation 
range of a HOUKEI acid zinc system glass frit where the presentation of a HOUKEI acid zinc system glass frit 
constitutes the conductive paste of invention of this application 1st, and the glass frit (namely, only HOUKEI acid zinc 
system glass frit) with which the lead borosilicate glass frit is not blended is used in the sample number 6. Moreover, in 
the example of a comparison of a sample number 8, the glass frit (namely, only lead borosilicate glass frit) with which 
the HOUKEI acid zinc system glass frit is not blended is used. 

[0040] When an extemal electrode is formed from Table 4 xising the conductive paste of invention of this appUcation 
2nd, it turns out [ that the same effectiveness as the case where the conductive paste of invention of this application 1st 
is used is acquired, and / outstanding ] that it bends and are acquired for reinforcement. 

[0041] In addition, although each above-mentioned example explained the case where Ag powder was used as electric 
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conduction powder, in the conductive paste of the invention in this application, it is not restricted to Ag powder and 
electric conduction powder can use alloy powder like other metal powder, such as Cu powder, or Ag-Pd powder etc. as 
electric conduction powder. 

[0042] Furthermore, although each above-mentioned example explained the case where the external electrode of a 
stacked type ceramic condenser was formed using the conductive paste of the invention in this appHcation, the 
conductive paste of the invention in this application can be used when forming the extemal electrode of various ceramic 
electronic parts, such as not only the extemal electrode of a stacked type ceramic condenser but a ceramic 
semiconductor device, and positive thermistor equipment. 

[0043] In other points, it is not further limited to the above-mentioned example, and the invention in this application can 
add various application and deformation within the limits of the summary of invention about the class of organic 
vehicle, or the blending ratio of coal of each constituent (electric conduction powder, a glass frit, and organic vehicle). 
[0044] 

[Effect of the Invention] As mentioned above, the conductive paste of invention of this application 1st, Since the glass 
frit containing oxide:5-10% of the weight of alkali metal is used oxide:5-15% of the weight of alkaline earth metal 
ZnO:3-13% of the weigiht as a glass frit 2:35 - 55 % of the weight of SiO(s), and B-2O3:15-30% of the weight, the 
dissolution in the plating liquid of the extemal electrode in a plating process can be prevented, and degradation of the 
property of the ceramic electronic parts in which the extemal electrode and the extemal electrode were formed can be 
prevented. 

[0045] Moreover, since the stability of the glass frit to plating liquid (acidic solution) increases by having increased 
Si02 amount in a glass frit, it becomes possible to make thickness of an extemal electrode small, and cost can be 
reduced. 

[0046] Furthermore, since the softening temperature of a glass frit rises by having increased Si02 amount in a glass frit, 
bolting of the ceramic electronic parts by sintering contraction of an extemal electrode is eased at the time of baking of 
an extemal electrode (conductive paste), and the thermal shock resistance of ceramic electronic parts improves. 
[0047] Moreover, the conductive paste of invention of this application 2nd uses 20 - 80 % of the weight of HOUKEI 
acid zinc system glass frits used in the conductive paste of invention of this application 1st, and the mixed glass frit 
which comes to blend a lead borosilicate glass frit 20 - 80 % of the weight. When an extemal electrode is formed using 
this, while being able to acquire the same effectiveness as the case where the conductive paste of invention of this 
application 1st is used, the outstanding deflection reinforcement is realizable. 



[Translation done.] 
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